In the present work, a set of future studies were implemented in order to answer the following question: What will the future scenarios be within the next 5 years regarding new technologies in the public education sector in Uruguay? For this purpose, two panels (consisting of 20 participants internal to the programme and 25 international experts external to the programme) were set up to conduct a Delphi study. In addition, a historical analysis of the use of Internet resources at schools (traffic and users connected to the network) was developed. This section of the study brought us the following findings: Primary and middle public school centres have experienced an exponential growth in Internet use as measured by traffic downloads and uploads, as well as by connections. Traffic doubled every 1. 5 years, and connections had doubled roughly every year in the period from 2011 to 2015. The study integrated the Delphi results and the analysis of Internet use as a method for prospective scenario planning, based on which four main possible educational and technological scenarios for 2020 were identified. This approach allowed us to define the possible technological future for the national education and technology policy. We found that the key challenges were not technological, but social and cultural factors. Some of the challenges to be explored are (1) How can we understand the role(s) of teachers better?, (2) can we rethink how technology is being used, adopted and adapted in learning environments?, and (3) what systemic changes are needed to respond these possible scenarios better through policy development? The findings suggest that problems and challenges presented by new technological innovations in education are not solved by more technology. Finally, we consider an approach such as this could work as a framework to help develop public education and technology policies in other countries with middle to high incomes that have strong orientations toward public education, including much of Europe.
Introduction
More than seven decades have passed since B. F. Skinner postulated his teaching machine to help children with their education through the paradigm of personalised, reinforced learning with programmed instructions [1] . Several decades after Skinner's disruptive idea, Pappert conceived the idea of one laptop per child for educational purposes in the 1960s [2] . However, it was not until the very beginning of the twenty-first century that the modern idea of one laptop per child arose. Fostered by the spread of the Internet and the constant decrease in the cost of devices, Nicholas Negroponte founded a non-profit organisation called One Laptop per Child in 2005. Only 1 year later, an entire country, Uruguay, was ready to test the entire paradigm via a public policy called Plan Ceibal.
Plan Ceibal
Plan Ceibal is a national educational policy in Uruguay that has the main objective of developing technological and educational innovations at system level in the public primary and secondary education system (ANEP). More than 700,000 students (ranging from five to 18 years of age), together with more than 40,000 teachers, are beneficiaries of Plan Ceibal. 1 The process of Plan Ceibal can be described in three stages [3] . The first, from 2006 to 2009, had the main objective of decreasing the digital divide by granting access to devices and the Internet to students and teachers across the entire country [4] . The second stage was characterised by the integration of technological, educational and social support for the technological infrastructure [5] . The final stage, implemented since 2013, has been characterised by its focus on new educational practices [6] .
In 2015, Plan Ceibal founded a study centre 2 called Ceibal Foundation in order to conduct research and to cooperate with other research institutions in the field of technology and education worldwide. The study centre has allowed Plan Ceibal to begin a prospective research process in order to provide the policy with foresight concerning the trends and possible scenarios regarding new technologies in education and the deployment challenges thereof in a systematic manner. One of the results of this process is documented hereafter.
Rethinking K-12 education for the twenty-first century
Today, there is a great debate about emerging paradigms related to new practices and metrics in the educational field. For researchers and practitioners, there seems to be some difficulty when attempting to achieve a consensus concerning the important questions to be asked. For instance, as international evidence indicates, there is not a clear correlation between the access or the use of digital tools and the improvement in student performances [7, 8] . International studies show that standardised tests are not indicating major changes when measuring traditional performances. However, an alternative form of reading these results is that the measurement of socio-emotional changes in the learning, self-motivation, self-regulation among other capacities are very rarely measured or considered in these types of studies. It is considered necessary to think more about measuring what is valued instead of valuing that which is measured [9] .
New pedagogies for deep learning and Plan Ceibal
One concrete attempt to address the problem of rethinking pedagogies for twenty-first century is Plan Ceibal's partnership with the Global Network for Deep Learning or NPDL (New Pedagogies for Deep Learning). This is an international initiative integrated by several countries. 3 Uruguay is the only developing enation involved in the network. Deep learning is a conceptual and pedagogical framework where, "students develop competencies and capacities that prepare them to be creative, be connected, be capable of solving problems in a collaborative way as well as being holistic and good citizens contributing to the common well and also creating it" [10] .
Presentation of the research problem
The general problem addressed in this research is the future of education in the Uruguayan context. More explicitly, how do we rethink educational systems and educational processes in the era of knowledge and accelerated cultural and technological changes? This work explores the subsequent questions: What possible scenarios could emerge in the next 5 to 10 years regarding technology enhanced education? How do we introduce future perspectives and studies in Plan Ceibal policy (and implementation)? More specifically, how do we apply future studies to the adoption of new technologies and to meet the challenges of effective integration into the educational process?
The purpose of this study was to provide a methodological approach and results that could help policy makers to be better prepared to answer these questions. In addition, this could provide an insight into a methodological framework to be used by other countries, particularly those in Europe that have a tradition of strong public education systems and policies.
Objective and research questions
In this study, a collection of future research techniques were implemented in order to construct future scenarios for the next 5 years with regard to new technologies in the public education sector in Uruguay.
This general objective was divided into three specific objectives:
-Objective 1: To analyse the evolution of Plan Ceibal's educational network (traffic and connections) for the period 2011-2015 and to project its evolution for the period 2016-2019 -Objective 2: To implement a Delphi study to obtain a ranking of the most relevant new technologies in the educational field for the period 2016-2020, as well as a set of most important challenges associated with the implementation of these new technologies -Objective 3: To integrate objectives 1 and 2 via the use of scenario planning techniques in order to construct possible scenarios for the technological and educational levels of adoption in the case of the Uruguayan public education system.
The research questions formulated in order to achieve these goals were:
1. What has been the "aggregated use" 4 
Methodology

Methodological scheme
In order to accomplish our goals, as well as to answer the proposed questions, the research was designed according to three phases, as presented in the methodological scheme in Fig. 1 . The three phases of the study are then described from a methodological point of view.
Delphi study
A classical definition of the Delphi method was given by Linstone and Turoff [11] as follows:
Definition 1 Delphi Method Must be characterised as a method to give structure to the communication process of a group. This method will allow the group to manage a complex problem effectively.
The reviewed literature states that Delphi is a method that is used to study mid-and long-term futures, although it does not help to predict future events. Instead, it helps experts in a specific field to achieve consensus concerning a specific topic [12, 13] .
In general terms, the Delphi method is an iterative process, which normally has two to three rounds consisting of a series of questionnaires that are presented for consideration to the panellists; the questionnaires are then adjusted based on the panellists' answers and presented for reconsideration. Between the rounds, the panellists receive feedback regarding their answers, as well as feedback from the rest of the panel. In this sense, it is a qualitative, normative and exploratory method characterised by being anonymous and controlled debate and is based on the statistics derived from the answers of the group [12] .
This method has been used extensively in the education field in recent decades [14] , as well as in medical science and other fields [15, 16] . Examples in the education sector are the K-12 Horizon Project 7 from New Media Consortium [17, 18] , the doctoral thesis by John Moravec [19] and the doctoral thesis by Somerville [20] .
Selection of the Delphi method
After analysing different techniques used in future studies, the Delphi method was chosen given an intention to gather an important group of experts and asked them to express opinions about and to discuss the proposed topics. We used the K-12 Horizon Project [17] to generate the initial list of new technologies and the challenges to the implementation thereof.
Panels
Two panels were introduced, one consisting of international experts from outside of Plan Ceibal (external panel) and the other consisting of experts from within Plan Ceibal (internal panel).
External panel A preliminary list of 45 invited participants was prepared, based on the criterion that they would variously represent each of the four following categories: academia, education, industry and the government. A personalised invitation was sent to each invitee. The ages of participants ranged from 30 to 75 years, with an average of 50 years. Eight panellists came from the academic world, seven from the academic and industrial sectors at the same Table 1 .
Internal panel The internal panel was composed of 18 people (invited personally by the primary investigator), who were section chiefs, managers, directors and advisers from Plan Ceibal. Ten women and eight men participated. The main criterion for invitation was that they would represent both education and technology divisions in the organisation. Also, eight internal panellists had an education background, eight had an engineering background and two had an economy background. The average age of the panellists was 44.
Questionnaires As mentioned previously, the Delphi process consisted of two rounds, which were answered by both panels and comprised of online surveys. Each survey was reviewed and tested prior to its application.
The main objective of the Delphi rounds was twofold:
1. To prioritise new technologies by considering the importance of adoption and the feasibility thereof 2. To define strategies to counter challenges to the implementation of these technologies in the case of Plan Ceibal
Network use analysis
The Delphi study explores the possible future supply of technology. In this section, we adopt the users' perspective; in other words, we analyse the users' demands for technology. We aim to compute a proxy for the demand for Internet resources and the evolution thereof in classrooms for the next 5 years. We will now summarise the phase 2 of the study, as it is synthesised in [21] . The analysis includes the universe of urban schools in the primary and secondary education systems. This includes 1535 schools, each with its own wireless LAN covering each classroom. 8 The variables tracked were:
These variables were collected hourly each day, beginning in 2011, via a network monitoring system and were stored on a database maintained by Plan Ceibal. We took a sample of each variable at a busy hour 9 to conduct our analysis. The data collected were completely anonymous by nature.
Scenario planning
As stated in [12] , and given the fact that we cannot predict the future with precision, scenario planning allows us to understand plausible scenarios better. The main motivation is to explore possible futures and not to choose a favourite one.
We also consider that these kinds of tools allow us not only to analyse possible futures but also to work actively toward a preferred future. This constructive approach is the basis of l'avenir from the French Prospective School [22] .
There is a wide range of definitions of scenarios in the visited bibliography [23] [24] [25] . The definition adopted for our purpose is presented in [26] :
Definition 2 Scenario A scenario is a hypothetical sequence of events built with the purpose of focusing attention on causal processes and decision points.
We followed the three basic stages of scenario construction methods, namely the identification of critical dimensions and key factors (design), the construction of scenarios (analysis) and visualisation and narration (results).
Dimensions
The two dimensions for scenario construction were: In other words, the Delphi study outputs were used as a proxy for the future supply of educational technology for the next 4 years, whereas the analysis of the network use was used to project the future demand for educational technology by Plan Ceibal's users.
Scenario construction
By combining the sign of the growth of both dimensions under analysis, we obtained four possible scenarios, illustrated in Table 2 .
Validation of scenarios
There is no unique way to validate scenarios. In this work, we adopted a practical approach, namely the acceptance of the scenarios' construction and visualisation on the part of the stakeholders (decision makers at Plan Ceibal and practitioners from primary and education). A series of focus groups (one with decision makers and one with practitioners) were developed within Plan Ceibal. The Futures Wheel method [27] was used in order to investigate further consequences of each scenario presented. This technique was perceived as very enlightening and encouraged profound discussion among participants through different scenarios, showing their potential and robustness for exploration.
Analyses
Delphi study
Two rounds were administered during this stage. The first round was carried out in July, 2015. The external panel harvested 21 experts' answers, and the internal one 19. The second round took place during October, 2015. Fourteen external panellists answered the second quiz, and 17 answers were obtained for the internal second round. The minimum number of expected answers was 10 per panel [28] .
New technologies
In order to process the responses, an interquartile range (IQR) and interquartile deviation (IQD) was computed for each item: IQD = IQR/2 (1) After the first round, each technology was ranked according to the average score and the degree of consensus was computed. The IQD indicated the dispersion of answers along a given scale and is used as a proxy for consensus measurement [15, 29] . To calculate IQD, the IQR is first computed: IQR = Interquartile range = |P 75% − P 25% | (2) The smaller the value of IQR is, the greater the consensus of the group concerning that item is [30] . With regard to a 5-point Likert-type scale, 10 a dynamic range of authors uses 1.00 as the threshold of statistical consensus [19, 29] .
To generate the ranking of new technologies, we ordered the items according to the highest and lowest average scores IQR.
First round
The initial 39 new technologies were ranked, and the top 20 were selected for the second round.
Second round
In the second round, three different dimensions were explored:
-Horizon of adoption: 2 to 4 years -Impact on the learning process: scale 0 to 3; 0 = no impact and 3 = high impact -Usability: scale (0) For the components of impact and usability, a metric called relevance was generated, which establishes the importance of adoption. In addition, with the dimension of the horizon of adoption, they were sorted chronologically.
Implementation challenges First round
Panellists were asked to rank five of the 19 initial items in terms of their importance. Given the selection frequency of each item and its order of importance for each panellist, a ranking was created. The top five implementation challenges were then analysed in the second round.
Second round
In the second round, two dimensions of the top five challenges were further evaluated by the panel:
-Implementation difficulty -Forecast for the year 2020
Panellists were also asked to complete a field with a justification of the answers and a field with proposed strategies to leverage the resolution of each implementation challenge. Based on implementation difficulty and the forecast for 2020 dimensions, a metric called feasibility was tabulated, which indicates the extent to which each implementation challenge could be solved by 2020.
From the textual answers and by using content analysis techniques [31] , two outcomes were obtained:
1. SWOT Analysis (strengths, weaknesses, opportunities and threats) to solve implementation challenges 2. Typology of strategies to boost the resolution of principal implementation challenges
Network use analysis
The network analysis focuses on patterns, cycles and seasonal effects, as shown in Fig. 2 . We present two charts. The first, aggregated into quarters, shows a consistent increase in the traffic demand from quarter to quarter. In the second chart, the aggregation is by month, showing a dramatic decrease during the summer break (December to February) and a moderate decrease during the winter break (July). Figure 3 illustrates the evolution of demand and the capacity of the Internet bandwidth in the period from 2011 to 2015. The demand has increased about four times in the last 2 years of the study, whereas the capacity almost doubled in the same period. The relationship between the demand for the network (traffic and connections) and the demand for infrastructure is included in the analysis. This information illustrates the requirements that the network supplier (Plan Ceibal) has to consider when planning the evolution of the demand.
Finally, Fig. 4 shows a projection of the trend for the next years. This considers that the behaviour of the global users remains the same.
Scenario construction
Each of the four scenarios shows a possible paradigm regarding the adoption and use of technologies in the public education system in Uruguay. The word paradigm is used to refer to a dominant educational and technological model in the system under study.
When analysing each scenario, we identified key characteristics:
-2020-1: Transformational 11 scenario. A new equilibrium is achieved between supply and demand via the powerful use and effective adoption of technology in the field of education. -2020-2: The supply is drastically reduced by political and economic considerations. The system tends to go back to previous stages before the existence of Plan Ceibal. -2020-3: A conflictive scenario in which Plan Ceibal and the educational system struggle to take the dominant paradigm in the field of technology and education. -2020-4: Collapsing scenario, in which the system descends to a "lower" stage of development (as Dator discussed [32] ) and is about to become extinct. However, this should not necessarily be seen as a worst-case scenario.
In the "Results" section, a map is presented to visualise the four scenarios, as well as narration based on key factors.
Limitations of the study
In the Delphi study, there were three main limitations. The first was that the number of iterations was limited to two rounds in order to fit into the time-frame of the project. Secondly, the tools to support communications and quizzes did not allow for the fluency of interaction with and real-time feedback to the panellists. Finally, new items suggested the panels could not be incorporated into the initial questionnaire. With regard to the network use analysis, two main limitations appeared. The first is it was not possible to identify whether the traffic and connections come from devices delivered by Plan Ceibal or from personal devices. Secondly, it was not possible to distinguish the nature of the traffic (in other words, whether it was educational, recreational or another kind of activity on the network.)
Another limitation of the study was the time scope: 5 years. We consider it was an appropriate time frame because it matches strategic time scope. A long-term scenario (10-20 years or more) would have brought more complexity to the analysis taking into account uncertain political and cultural dimensions among others.
Finally, with regard to the scenario planning, as explained earlier, it is important to stress that its goal is not to predict but to identify, elucidate, align and understand relevant trends that are influencing the actors and the contexts that are linked to education and technology.
Results and Discussion
A principal result of the research is that challenges to achieving transformative and desirable scenarios for technological and educational integration at the system level are not of a technological nature. This finding is supported by the evidence driven directly from answers both in internal and external panels. Nine out of 10 top challenges prioritised by Delphi panels refer to the education process mainly, not to the technological one (see Table 4 ). This is a major confirmation of Plan Ceibal's Public Policy and focus on new pedagogies accelerated by new technologies (and not the other way around).
Delphi outcomes New technologies ranking
The first output from the Delphi rounds is the ranking of most relevant new technologies for each panel. This can be seen in Table 3 .
Ranking of implementation challenges
The second output of the Delphi study is the ranking of the challenges. In Table 4 , we summarise the top five implementation challenges based on both panels' views. A high level of overlap was found between internal and external rankings.
Network use analysis
The most important finding is the exponential nature of the growth of Plan Ceibal's Internet traffic at an aggregate level (i.e. the entire education system). Download traffic has grown 13 times between 2011 and 2015. CISCO VNI [33] reported that global Internet download traffic had grown five times in the same period. In other words, Plan Ceibal's Internet use has grown about 2.5 times faster than that of global Internet users.
Download traffic doubled every 18 months during the period between 2011 and 2015 (an average annual growth rate of 68%.
With regard to simultaneous connections per site, we found that this index doubled every 12 months between 2011 and 2015 (an average annual growth rate of 105%).
Another finding was related to the download/upload ratio, which was 11 to 1, on average, between 2011 and 2015. That means that, for every 11 bits of information that users consume, 1 bit of information is delivered from a user's device to the network. A final parameter that is very important in the planning and roadmapping of the educational infrastructure is the ratio between the download bandwidth demand and the installed capacity (supply). This ratio was reported as being 40% utilisation of installed capacity.
All these findings confirm the exponential growth of both traffic and connections in Plan Ceibal's network in the period from 2011 to 2015.
Scenario planning
The four scenarios are illustrated in Fig. 5 . The following is a description of the four scenarios constructed.
2020-1: new paradigm
This scenario presents a new paradigm that is based on systemic innovation of educational technologies, with a key role being played by the association Plan Ceibal -ANEP.
The most relevant characteristic of this scenario is that the main challenges have been resolved, whereas the design and implementation have been consolidated into a new methodological framework for the system-or New Pedagogies for Deep Learning. This new paradigm implements, tests and improves disruptive pedagogical practices and experiments with a focus on methodology (schools' networks), pedagogy (based on creativity, problem-solving and collaboration) and assessment (using with new metrics for assessing educational outputs) [34] .
From an educational change perspective, the system fosters techno-educational innovations, and changemanagement capacities are developed within the system. Plan Ceibal consolidates its philosophy of "learning by doing", and improvements are made in the process of the personalisation of education based on analytics and future studies, among other methodological approaches to making decisions concerning the public policy.
2020-2: traditional paradigm
This scenario drastically reduces Plan Ceibal's scope by either institutional or economic restrictions. The public policy is discouraged.
The education system has experimented with a regression in its capacity to develop techno-educational innovations. Neither the equity nor the quality of Plan Ceibal has been fulfilled. From the point of view of educational change, the education system loses its capacity to develop techno-educational innovations at the system level, and there is no development of change management capacity either.
Plan Ceibal is reduced to its minimum expression, and a new divide in access and use of educational technologies is increasing.
2020-3: conflict paradigm
This is a scenario in which two paradigms face each other, namely the traditional and the emerging paradigms proposed by Plan Ceibal. As the system has a series of stakeholders who interact with each other, this complexity introduces a divergence of perspectives among public, private and communitarian visions regarding education.
The rivalry among stakeholders and parts of the system neutralise the impacts and effects of the technoeducational innovations developed by Plan Ceibal. 
2020-4: collapse paradigm
In this scenario, the system itself is redefined. It is the end of the system as we currently know. The system descends to a "lower" stage of development and could also become extinct. This should not necessarily be seen as a worst-case scenario. This could be given by a radical discontinuity public policy (given by a new administration, for instance). The system is about to be redefined; thus, innovation capabilities and culture depend on the redefinition of the same system.
Conclusions
As we have seen, the Delphi method allowed us to map the relevance of new technologies toward the year 2020 and to identify critical challenges for effective adoption of these new technologies in public education. In addition, a great degree of similarity was seen between the internal and external panels. The network use analysis then modelled the users' demands for technology and evidenced that the beneficiaries of Plan Ceibal have profited from resources at an exponentially accelerated rate.
The third objective was to create possible scenarios for technological and educational integration. We found four plausible scenarios concerning the demand for and the supply of technology.
The two dimensions used to build these scenarios were technological supply (measured through the Delphi study output) and technological demand (measured through the patterns of network use). The key factors that would determine each scenario were constructed from critical challenges identified in the Delphi study.
Many aspects still remain open for further studies. One aspect is how to harmonise the long and short-term effects of technology.
As a public policy, Plan Ceibal has a five-year budget and maintains a strategic view for action in this time frame. On the other hand, we tend to overestimate the short-term effects of technology while underestimating the long-term effects (Amara's law 12 ). For governments and administrations that typically manage budgets for no more than 4 to 5 years, a prospective long-term view of the technological and educational integration problem becomes a great challenge.
Furthermore, challenges for public policy do not exist solely within the complexity of our system studied but also with regard to the change of complexity in technological, educational and political dimensions over time.
This study tries to bridge the gap between strategic short-term decisions in technological public policy and implementation (5 years) and a long-term, comprehensive perspective effective integration of education with technologies (20 to 30 years). The next steps to continue this work is to systematise a prospective process based on expert panels, focus groups, or other techniques that enable the flow and organisation of opinions and views concerning possible technological and educational futures for Plan Ceibal. This may help anticipate and align public educational and technological policies and craft implementation strategies to help realise preferred futures.
Finally, the authors consider an approach like this could work as a framework to help public educational and technological policies in other countries with middle to high incomes that have strong public education policies worldwide, with a particular eye toward Europe. As Michel Godet said [22] , "... the world changes but problems remain the same". Thus, this vision of the invariance of problems can give us a hint regarding that on which we need to focus; in this case, the purpose of educational change across the world. 3 The seven participating countries are Australia, Canada, Finland, the Netherlands, New Zealand, the USA and Uruguay. 4 Accounts for the sum of the traffic or connections of all users of the network at a given time. 5 Set of educational technologies, access technology, methodologies and digital strategies. The definition was extracted from the K-12 Horizon Project 2014/ 2015 [17] . 6 Set of technological, pedagogical, curricular, political, ethical and institutional issues that could act as barriers to the adoption and integration of new technologies. 7 https://www.nmc.org/nmc-horizon/ [Last visited: 31st of July, 2017]. 8 For a comprehensive understanding of Plan Ceibal's network architecture, please visit (Spanish) http://blogs. ceibal.edu.uy/tecnologia/redceibal/ [Last Visited: 27th of July, 2017]. 9 A busy hour is determined statistically and refers to the hour of the day during which the network registers the greatest use in terms of traffic and connected users. By selecting busy hour time frame, we observe the system's behaviour when it is statistically demanded the most, being able to compare it to its maximum capacity, for instance. 10 https://en.wikipedia.org/wiki/Likert_scale [Last visited: 12th of May, 2017].
11 Jim Dator explained future scenarios as being a combination of four paradigms: Transformation, Continued Growth, Discipline and Collapse [32] .
